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in the MRF. This previous report also documented the impact of acid stoichiometry in the MRF, but Frit 432 was used as there was no Frit 418 available at the time of the tests.
Tests were performed with non-radioactive, simulated SB3 material. Due to the small-scale of the test equipment and the design of the equipment, as well as the use of dry or slurry simulant feed, the behavior of the actual radioactive feed in the DWPF melter cannot be fully proven.
EXPERIMENTAL

4-L SRAT and 22-L SRAT/SME Feed Preparation
All Sludge Receipt and Adjustment Tank (SRAT) products for the MRF runs were fabricated at the Aiken County Technology Laboratory (ACTL). All feeds made for the MRF and SMRF tests used the same simulated sludge and they all had a targeted waste loading (WL) of 35%. The sludge was made at the Clemson Environmental Technologies Laboratory. It was a mixture of 40% SB2 and 60% SB3. Trim chemicals were added to achieve the final desired composition. The SRNL Mobile Lab sample ID for the SB2/SB3 simulated sludge is 04-0241 and the average results of two samples are given below in Table 2 -1. Table 2 -2) later added for the targeted waste loading (WL). This same Frit 418 lot was used in the feeds used for all of the SMRF tests reported in this document as well.
For the MRF REDOX tests, three 4-L SRAT runs were performed at the target acid stoichiometry of 155% and a targeted REDOX of 0.0, 0.1, or 0.2. In addition, one 4-L SRAT batch was made for a 100% nitric MRF run and a 40% nitric MRF run (at a target of 155% acid stoichiometry as well). The predicted REDOX's of the 100% and 40% nitric acid runs were -0.35 and -1.3 respectively. For reference, a 155% acid stoichiometry feed for targeted REDOX's of 0.2, 0.1, and 0.0 have about 10, 12 and 15% nitric respectively for SB3. In other words, the 100% and 40% nitric acid feeds tested in the MRF were very high in the percentage of nitric acid used. It should be noted as well that DWPF would not be allowed to process 185% acid stoichiometry SB3 feed as it would exceed hydrogen generation safety limits. The feeds for the SMRF tests were made in the ACTL 22-L SRAT/SME (Slurry Mix Evaporator). Two 22-L runs were needed for each type of feed made. The same targeted acid stoichiometries and REDOX's from the MRF tests were used. A 0.2 REDOX feed was not made for the set of SMRF REDOX tests. This was because the SMRF 155% acid stoichiometry feed test previously discussed in this report had the required composition and feed preparation cycle (0.2 REDOX). 100% and 40% nitric acid feeds were not made for the SMRF after the 100% and 40% MRF tests indicated excessive offgassing. Analyses of the SRAT and SME products used in the SMRF acid stoichiometry and REDOX tests are given in Appendix A. The calculated waste loadings for the 155% and 185% SMRF acid stoichiometry feeds were close to the targeted 35% (36.2 and 35.9% respectively). The calculated waste loadings for the SMRF 0.0 and 0.1 REDOX runs were close to target as well (36.6 and 36.2% respectively). All waste loadings were calculated by using the normalized lithia (Li 2 O) values in the Frit 418 (see Table 2 -2) and SME feeds tested.
The pH was monitored during the 22-L SRAT/SME REDOX feed preparation runs. 
Melt Rate Furnace Testing
The dry-fed MRF utilizes has a cylindrical inner chamber approximately 0.5 cubic feet in size, with heating coils winding around the chamber walls. The diameter of the chamber is ~7", and an insulating sleeve and a 1200 mL stainless steel beaker were inserted from the top. The tests were conducted with 6" deep stainless steel beakers inserted with the sleeve so that the beaker bottom was approximately flush with the top of the uppermost chamber coil. An insulating block was used to cover the beaker. The furnace was heated to 1150°C with the top opening covered. Once the furnace reached the setpoint, the cover was removed and the beaker containing sufficient dried, sieved material to produce 500 grams of glass was inserted. After 50 minutes, the beaker was removed from the furnace and allowed to slowly cool to room temperature. This residence time in the furnace was determined during testing in 2002 to establish a standard test time for melt rate comparison for this dry-fed furnace (Lorier et al. 2002) .
The relative melt rate is determined by measuring the height of the glass layer in the bottom of the beaker at ¼" intervals. The average height and duration in the furnace is used to yield a relative linear melt rate number, with units of inches/hour. General observations of the sectioned beaker are also used to describe differences between runs. A volumetric estimate of melt rate is also calculated, but the linear method is the basis for comparison in this and other reports. In general, the volumetric and linear values show similar results.
SMRF Testing
The Details about the SMRF are documented elsewhere by Smith et al. (2003) . The melt pool and vapor space setpoints were 1125°C and 750°C respectively. The time for each feed cycle after the vapor space had reached the vapor space feed initiation setpoint of 750°C was 20 seconds (37 seconds was needed for the 155% acid stoichiometry run at 50 weight percent solids to allow for enough of this thicker feed to be delivered to the SMRF in one feed cycle). Each feed was diluted from 50 to 45 weight percent solids to determine the impact of percent solids on melt rate. This was also done so that direct melt rate comparisons could be made for the same feeds at a lower weight percent solids. The measured amps for the melt pool and vapor space heaters were about 20 each for all of the tests. The tests were run basically the same as those for the SB2/SB3 Frit 418 (Case 6b -250 canisters) 40% waste loading SMRF test performed in August 2003 (Smith et al. 2003) .
SMRF Acid Stoichiometry Test Details
The SMRF was charged with 8 kg of startup glass on 4/12/04 and heated up to operating temperatures. The 155% acid stoichiometry test was performed on 4/13/04. The feed was fairly thick (see section on feed rheologies) and the feed cycle time had to be increased from 20 to 37 seconds to get about 70 grams/feed cycle (normally get 90-100 grams/20 second feed cycle). After about five hours of feeding the cold cap (basically dried out feed) had formed a mound that blocked the feed tube in the SMRF. This mound was knocked down as well as two others in the next 1.5 hours. At about 1500 the feed line plugged and the test was stopped. The feed was diluted from 50 to 45 weight percent solids (later analysis gave a measured weight percent solids of 45.5%). The cold cap was allowed to burn off for 1.5 hours. During this cold cap burn off time, a top of glass sample was taken (SMRF-0156). Feeding with the 45 weight percent solids feed was resumed at about 1630. The feed was easier to pump and the feed cycle time was reduced back to 20 seconds. Due to problems with plugging of the feed tank suction line inlet, the stable run time for this diluted feed was only about 2 hours.
The next day a top of glass sample was taken (SMRF-0160) which appeared to be foamy (many small bubbles). Feeding of the 185% acid stoichiometry feed (50 weight percent solids) was then started. Multiple suction line pluggages were experienced until the suction line slots were enlarged. No cold cap mounding occurred. At 1630 the feed line plugged and the cold cap was then allowed to burn off while the feed was diluted to 45 weight percent solids (measured at 45.2% after the test). No cold cap mounding was observed but one feed line plug occurred at 2010. The test was stopped at 2300. The next day a top of glass pool sample (SMRF-0164) was taken which was also observed to be foamy. The SMRF was then drained that same day.
SMRF REDOX Test Details
The SMRF was charged with about 6 kg of glass drained from the SMRF at the end of the acid stoichiometry tests and brought up to temperature on 5/10/04. Feeding of the 0.0 REDOX feed at 50 weight percent solids was started the next day at 0721 with 20 second feed cycles that delivered about 90-100 grams/feed cycle. The feed line plugged at 1050 and slight feed mounding (1" high) was noted at 1206. At 1354 the feed mound had reached the feed tube. It was knocked down, but then the mound built back up to the feed tube at 1420. After being knocked down again the mound was almost up to the feed tube at 1450. Feeding was stopped at 1500 while the feed was diluted to 45 weight percent solids (measured after test as 46.2%) and the cold cap allowed to burn off. Feeding was resumed at 1622 and the test stopped at 2205. No cold cap mounding was observed for this diluted feed but there was a feed line plug at 1820 that took 15 minutes to fix.
The next day a top of glass sample (SMRF-0169) was taken. The top of the glass pool appeared foamy and the top of glass sample had multiple small bubbles in it. Feeding of the 0.1 REDOX material at 50 weight percent solids was started the same day at 0720. At 1250 the cold cap had mounded up to the tip of the feed tube and at 1345 feeding was stopped. At 1555 the cold cap had mounded up to the feed tube again. At 1620 the pour stream was surging at high pour rates. Due to this and cold cap mounding, feeding was stopped at 1632 to allow the cold cap to burn off and dilute the remaining feed to 45 weight percent (measured after test as 46.0%). Feeding was then resumed at 1730. No mounding problems were observed after the feed dilution but a vapor space thermocouple failure resulted in about 30 minutes of not feeding. At 2152 the test was stopped.
On the next day top of glass pool temperature measurements were taken that showed that the top of glass pool temperature ranged from 850 to 940 ºC. A top of melt pool sample (SMRF-0173) was taken. This sample, like the others taken in these tests, had multiple small bubbles. The SMRF was drained and then powered down.
RESULTS AND DISCUSSION
Effects of Acid Stoichiometry -MRF Tests
Testing in the MRF indicated an increase in melt rate with increasing acid stoichiometry. For Frit 418 the estimated linear melt rate rose from 0.58 in/hr to 0.78 in/hr when the acid addition was increased from 155% to 185%. Using Frit 432, the linear melt rate rose in a similar fashion (Lorier and Smith, 2004) . If, however, the results of the MRF 0.2 REDOX test discussed in section 3.3 (0.72 in/hr) are used (run at 155% acid stoichiometry and therefore should be same as the 155% acid stoichiometry discussed above), then there was no impact observed in the MRF tests with regards to acid stoichiometry. Due to these conflicting results, no conclusions can be made from the MRF tests with regards to the impact of acid stoichiometry on melt rate for the SB2/SB3 Frit 418 feed system.
Effects of Acid Stoichiometry -SMRF Tests
Details of the SMRF acid stoichiometry runs are given in section 2.3.1. Feeds with acid stoichiometries of 155% and 185% at 50 and 45 weight percent solids were tested. Table 3 -3 summarizes the melt rates for these feeds. Unlike the MRF results, the SMRF results were fairly conclusive. The 155% acid stoichiometry feed resulted in higher melt rates than the 185% acid stoichiometry feed at both 50 and 45 weight percent solids. In addition, the 50 weight percent solids feeds had higher melt rates for both acid stoichiometries than at 45 weight percent solids. The SMRF results should be considered to be a better indicator of the impact of feed acid stoichiometry on DWPF melt rate because small scale slurry feeding is a better test method (versus dry fed tests) for melt rate for DWPF, especially when the targeted glass composition is not being altered.
As discussed in section 2.0 (SMRF Testing), glass and top of glass pool samples were taken during this test. A discussion of the top of glass pool samples is given in section 3.6. Analyses of startup glass, as well as various glass pour and drain samples are given in Appendix B. 
Effects of REDOX -MRF Tests
Three MRF runs were conducted at 0.0, 0.1, and 0.2 REDOX. There was no difference in the linear melt rate, with the rates being 0.73, 0.69, and 0.72 in/hr respectively. These tests were performed on product that had an elevated sulfate concentration. The sectioned beakers were similar in appearance. A second test was performed with 0.0 and 0.1 REDOX using the same sludge as used for the SMRF acid stoichiometry and REDOX tests (nominal sulfate concentration) and again there was no difference in melt rate between the two samples (0.59 in/hr for both). The reason for the lower melt rates cannot be attributed fully to the lower sulfate concentration but no other differences in the two sets of tests could be determined. If each set is looked at independently, the same conclusion can be made that melt rate was not impacted by REDOX in these MRF tests.
In addition to the above REDOX tests, 100% nitric and 40% nitric MRF tests were performed as well using nominal sulfate concentration SB3 sludge. As stated previously, the predicted REDOX's of the 100% and 40% nitric acid runs were -0.35 and -1.3 respectively. When the 100% nitric batch was placed in the MRF, brown smoke immediately began coming out the vent hole in the top. As the beaker heated, the smoke increased and was escaping from underneath the entire top cover of M-board. The crusty top layer rose to nearly the top of the beaker. Figure 3 -1 shows that a very small layer of glass was formed in the bottom of the beaker during the heating cycle. Most of the material was incorporated in the layers of foam above the glass. The melt rate for the 100% nitric acid run (0.40 in/hr) was ~ 35% less than the 0.0and 0.1 REDOX from the second set of tests. This is to be expected with the large amount of material incorporated into the crusty layer in the top of the beaker.
The 40% nitric acid run also generated more brown smoke than the SB3-Frit 418 MRF runs with REDOX's targeted in the 0.0 to 0.2 range, but less than the 100% nitric test. The crusty layer rose in the beaker, but not to the extent that occurred in the 100% nitric run. Figure 3 -1 below shows an improvement in the amount of glass formed compared to the 100% nitric run. The estimated melt rate was about the same (0.57 in/hr) that was achieved with the 0.0 and 0.1 REDOX testing (0.59 in/hr for both). Based on the behavior of the material in the MRF, there was no SMRF testing conducted with the 100% and 40% acid strategies. 
Effects of REDOX -SMRF Tests
Details of the SMRF REDOX runs are given in section 2.3.2. Feeds with targeted REDOX's of 0.0 and 0.1 (both at 155% acid stoichiometry) at 50 and 45 weight percent solids were tested. The melt rates from the previously run 155% acid stoichiometry SMRF test (see section 3.2) were used as the 0.2 REDOX test. Table 3 -4 summarizes the melt rates for these feeds. (Jantzen and Plodinec, 1986 ) (Schreiber and Hockman, 1987) . As with the acid stoichiometry feeds, the melt rates were all lower when the feeds were diluted to 45 weight percent solids as compared to their 50 weight percent counterparts at a constant REDOX. For the 45 weight percent solids, the 0.0 and 0.1 REDOX melt rates were about the same and lower than the 0.2 REDOX feed. Due to short stable run time for the 0.1 REDOX feed at 45 weight percent solids, the actual melt rate may not have been accurately determined and therefore caution should be taken when using the resultant melt rate from that test.
Feed Rheology
Samples of the SME products for the 155% and 185% acid stoichiometry SMRF runs, as well as the 0.0 and 0.1 REDOX runs were taken and rheological properties were measured. Figure 3-2 shows that the 185% acid stoichiometry feed had a lower sheer stress than the 155% acid stoichiometry feed. This agrees with the SMRF feeding observations given in section 2.3.1 of this report. It was difficult to pump the 155% acid stoichiometry feed at the desired amount per feed cycle and cold cap mounding was observed as well. However, the 155% acid stoichiometry feed had a higher melt rate in spite of these problems. Figure 3-3 shows that the shear stress of the feed was not greatly impacted by REDOX. This agrees with the feedings observations given in section 2.3.2 of this report.
SMRF Top of Glass Pool Samples
After each SMRF test was completed in the evening (usually 2200 to 2300), the SMRF was idled overnight and then a top of glass pool was taken the next morning before the next test was started. As previously noted, the temperature of the top of glass measured the day after the 0.1 REDOX test ranged from 850 to 940 ºC.
Each of the top of glass samples taken was foamy. The top of glass samples taken after the 155% and 185% acid stoichiometry tests (samples SMRF-0160 and SMRF-0164 respectively) were submitted for Scanning Electron Microscopy/ Energy Dispersive Spectroscopy (SEM/EDS) analysis. In addition, the samples were analyzed by X-Ray Diffraction (XRD) to determine what crystalline phases were present. Figure 3 -4 is a picture of sample SMRF-0164 which shows the foamy nature of the top of the glass after feeding has been stopped for about eight hours. The appearance of this top of glass sample was typical of the others taken. 
CONCLUSIONS
A series of dry-fed tests (using the Melt Rate Furnace or MRF) and slurry fed tests (using the Slurry-Fed Melt Rate Furnace or SMRF) have been performed to investigate the effect of feed preparation acid stoichiometry or REDOX (REDuction/OXidation) on the melt rate of the SB3 -Frit 418 system. This objective was met and the following conclusion can be made based on this work:
• Melt rate results from the MRF tests contradicted the SMRF results (see SMRF acid stoichiometry test conclusion below) for the impact feed acid stoichiometry. The differences in results from the MRF and SMRF may be a parameter other than final glass product (acid stoichiometry) was investigated which may not be able to be evaluated in dry feed testing (MRF).
• Melt rate results from the MRF REDOX tests indicated no impact of REDOX (0.0, 0.1, and 0.2 REDOX feeds tested). This did not agree with the SMRF tests as discussed below. As with the MRF acid stoichiometry tests, the differences in results from the MRF and SMRF REDOX tests may be because a parameter other than final glass product was investigated which may not be able to be evaluated in dry feed testing (MRF).
• Due to the MRF results, caution should be taken when trying to use to MRF as a melt rate tool when parameters other than final glass composition are being tested.
• For the SMRF tests, the current DWPF target feed preparation acid stoichiometry of 155% gave a higher melt rate than 185%.
• MRF tests with 40% and 100% nitric acid feed (resulting in negative calculated feed REDOX's)
showed high amounts of off-gassing and a much lower melt rate for the 100% nitric acid feed. Due to the off-gassing observations, these feeds were not tested in the SMRF as part of the REDOX runs.
• Feeds with targeted REDOX's of 0.0, 0.1, and 0.2 were tested in the SMRF. These tests indicate that melt rate was not negatively impacted until the targeted feed REDOX dropped below 0.1. It is postulated that this is due to the fact that the oxidation state of manganese increases at a REDOX of 0.09 and lower, thereby resulting in a foamy cold cap/glass.
• The dilution of the SMRF feed from 50 to 45 weight percent solids results in lower melt rates for all acid stoichiometry (155% and 185%) and REDOX feeds tested (0.2, 0.1, and 0.0).
• SMRF top of glass samples taken at various times after cold cap burn off were found to be foamy.
The crystalline phases trevorite and aegerine were present in these samples as identified by XRD.
RECOMMENDATIONS/PATH FORWARD
• It is recommended that DWPF continue to use the targets of 155% acid stoichiometry and 0.2 REDOX for SRAT feed preparation of the SB3 -Frit 418 system.
• Continue investigating melt rate tools that can give relative differences in feeds with regards to off-gas surges and melt reactions.
• Investigate reproducibility of MRF by running multiple tests with identical feed. 
APPENDIX A -SRAT/SME ANALYSES
APPENDIX C -EDS ANALYSES OF SMRF TOP OF GLASS SAMPLE SMRF-0160
